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(54)Title: 



(57) Abstract 

An amorphous insulator (4) is formed on a substrate (1; I, 2, 3) 
and has windows where the substrate (1; I, 2, 3) is exposed. On die 
exposed parts (40) of die substrate and the insulator (4^ a compound 
semiconductor (5.51. 52) containing at least nitrogen as a constimcnt is 
formed to form a semiconductor material (1 , 5, 5 1 , 52). A semiconductor 
device is fabricated by processing the semiconductor material (I. 5. 51, 
and 52) or a semiconductor material (6 and 7) formed on die 
semiconductor material (1, 5, 51, and 52). 
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(5 7) mm 

5K 5 2) ^^gLT^^i*t^14 (1. 5. 5 1, 5 2) ^JBfiSfrSo ^^i* 
*t*4X«^3»ftttJ|4±lcMJC^3>{*:*t*4*«SL^^ (6.7) ^riPX 



AL 
AM 
AT 
AU 
AZ 
BB 
BE 
BF 
BG 
B J 
BR 
BY 
CA 
CF 
CC 
CH 
C 1 
CM 
CN 
CZ 
DE 
DK 



EE Jt:^h=T 
E S V 

FI :7>f:^7yK 

FR yyyT. 

GA ^fjK>' 

GB 'f^y;^ 

GE ^^A^-^T 

GH :«f— ^ 

GN ^^T 

GR ^^y^ir 

HU ^yiS^)- 

lE T^TA'^VK 

IS 7-^:^7:^^' 

IT 

J P B3«: 

KE fr^r 

KG ^A':^::^^^' 

KP «ilK££aA£&^«ll 

KR ^<|Ka 

L I 9 txi^v'a 

LK :^99y* 



LR y-iSPT RU 

LS SD 

LT y hT-T SE 

LU A^^-^^y/A^^ SG 

LV yy^^HT SI 
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MD ^A'K/^ SN 

MC T^iST^HA^ SZ 
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!r-tfT*»S TG 
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MN *y=fA- TM 

MR ^-y^'^r TR 

MW -7y^4 TT 

MX /t^Va UA 

NE ^v^i-A- UG 

NL :i-yy^ US 

NO JA^^^— UZ 

NZ :=:aL-- i^-7>'K VN 

PL YU 

^>{y PT ^afA'h^fA/ 

RO A'-- T=T 
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5 ^m^m 

B. Al. Ga. In, T 1 /iSmif HI fife7C*©i>ni:< ifc 1 S 
tN, P. As, Sb, B i^i:5flFffflVi^*©i!>ii< tfel«*x^fl|fig$n-5 

III -vmit^^^mi^o^^^m:imt>fo. mc:^m%(hexmnii system) 

15 

itt^. Gain N/G a N/A 1 G a N*t14^ffll>TWfej&S^iK©l6^^fT 
^^6411(1994 ^3 ^) . 1687-1689 H (Appl. Phys. Lett. . Vol. 64(1994), pp. 

1687-1689 ) (mmn ^z/izm^mmcm5 ^9 fl) . 1868-1870 h (appi. 

20 Phys. Let t. , Vol. 67(1995). pp. 1868-1870 ) (IB* 2 ) . RO^ + / X • 
^-i-JU ' ^Zf • ry^-r Y'^^t'Jy ^'X^m34#7A^(1995 ^7 ^) , 1797 
-L799 M (Jpn. J. Appl. Phys., Vol. 34(1995), pp. L797-L799) (S*3) . 
1134^108 -^(1995 mm) . L1332-L1335 H (Jpn. J. Appl. Phys. . Vol.34 
(1995). pp. L1332-L1335) (IB»4) ^feO*fw|^^m34#llB ^(1995 ^llH) ^ 

25 L1517-L1519 M (Jpn. J. Appl. Phys.. Vol. 34(1995). pp. L1517-L1519) (i2» 
5) JC^ffeSFttri^So 

(AI2 O, ) Sfia:{;:±5E®^M^^{**-^,^i:S/<-y-7rl<^JK^L. S(c 
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¥4-297023 mmz^Mntamtz^i^mw-i -312350^ 

^«<h'?:©m*HtBIiB/::'5*H#l^5. 2 9 0, 3 9 3^{^n) 

- 3 2 1 2 8 0^(2:m^zm^^t^X\.^^o ^mW-A - 2 9 7 0 2 3^^^*<iJ[^ 

■t6tC^izJitl\i. i^-^T'fTSfeJhCGaxA 1 1-xN (O^x^l) ti 

5 zmiomim^mi^m'Srcti^omj^^t^imoz o 0-7 0 oxx*m^^^ 

^^^^mif<nh>tl6o CO^igM±JCl 0 0 0-105 OV0WL^xm2 

(Dmim^i^mi:^^'it?, % 2 (om\mm'im\i% 1 ©gib*fei^#«^ 

15 *SC<i:*<#^¥6 - 1 0 1 5 8 7 ^i^«{;iM^$tLTl^So L*^L. C©^« 

^mWly—^fit. T-f=7^ K • 7^ i^-y ^'X • l/^-^m68#(1996 ^ ^) . 
25 2105-2107 H (Appl.Phys. Lett.. Vol. 68(1996). pp. 2105-2107) (sB*6)tCT 

±E6fe*S^^6tcin(f. A^ra^ (hexagonal systen) (mwm.^^-rh 
III -Vl5^^b^iNW*:Xt4Vi^7c3(l<bLTN (Sffe) «-^t;C t;5<g^$ns 
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mt-tST"-^ m^\i. ly-'fm^Fi^^if ?>Mm%m^W (i+^<h«v>^/i: 

5 ^Cree Research, Inc. tNorth America Phi 11 ipsttt^^lplW^tC J: 

"^if^mmX'^tzCtiK Bm^Ui^ hti^^xmi 995^12^4 0^ (me 
5 0^) mm (NIKKEI ELECTRONICS 1995. 12. 4 (no. 650), pp. 7 ) (t2* 7 ) 

fBS (miE. 1 0* cm-*) ^fitt-r5Ct*<:f«rXt$tlSo SEoTx S-fb^S 

*||iJB©m 1 ©BWti. Av35ram (hexagonal system) ©ieS«|ii*W-#-S 
III -VJI^k^^#{*X«V»OT*«!:tTN mM) 'Sr^VZtif^mm^tl^ 
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^m(om^xiiz.<DWjm^^^i^^')T(Dm^hL<\,mmm (mobility) 

10 1. ISM 

*l6n«#©-Attx *tfiP<Dft5fe«|±^©S«g<i:/j:S1^ISi¥7 - 2 3 8 1 4 2 
•t©l!««B§»C*Jl.^T. iJCOJi-p/j:^**:!/— tf#^^^J^LTl.^So -5:®-^^ 
01«:#MLTlftW^S<i:. (OOOl)C ig^W^ Si*" 7 r^TT (a-A 1 « 0, ) 
'o*feiiS«l±lc. (GaN/<-y7r«2. nMGaN 

®±) IC. fg2©^jb«!iN>ft:Ji (nMGaN^»S5) *<««fi5cg$nSo 
20 t£^^ 0 1 B«|fei^vX^ 4 S 1 g| 1 BOA- A* »fii^^ 

■To 

Oieafi!tS©«[^M«^J:^©S[®ia*- t>Rtil-r S nMG a N jl^^ 3 ©^ 
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M^suL. z.tL^t^^^:^{^immtLr^Mmm^mw^ (tem) t- 

«5^Ly=o tftil^^tt. ■t^7 T'fT (a-A 1 2 O3 ) ^^SSIK 

©(oooi)c iE±{c^ 1 (omim^wm. es^aj ^w-rsife^. 

A^). ^©c:<-si5A<s i02 ±izm^^tit:f^2(om.im^mi^mimALx 

20 l^-SCihT'^So M-rtltf. S i 0^ ±om2©^ib«!l^#(*^*-M.t>n*^ 
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A. IB IZ^miiVmt) X' 2 -DOmH^^if S t s l&iitM±©««©^P6«l& 

ZZX\ c^tii:f^^^<Dl^m(OS^&.mm. (unit cell ) ©Hffi^J^jS^ 
.^Sl^^tt (ifeStttWnS) 02tc*>l.>Ttic<!:sBL/::^giiS 

h;u) <i:LT^E$tl^ (a. a2 a3 M^H^^ic^gB) . BI2 
t?tt. Ill (Ga, All?) ^&AX\ yimi- (N. Asif) ^M*."?? 

^k«o¥«ft<i:l^l:<7^D5^smoilSS«li&^W■rsfc^^). -eocooooc ffittciiiuc 

^t3^-r■5ieafT'*SC<!:(iH2*^t»We»*^T*69o ^j:*>\ 7^;5rSI^©ie^« 
j&(C^^(t'&a. Idi&C^az m\tsimVLtfh«lti>mB^tl. c:<D:^IS(c£o'g a 
25 b^. clAtiii^ClOO] . [010] . [001] ti^^m^,b,c] tLX^^tl^ 

zth^^o :^i3^^<om^mitizmtxmmfim^mpLtzit)\ m2 

ass© (oooi)ffi±jc c «i:*risi c ^ f + •> + /WfiRg L t i ^ s c t ^ J: 

9 (C©J:9{CJifegL/i^l©S^I:«5ili*(*a©ieS{i> l^^r ^7S<g{C*rL 
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c«llBlfilLTt>S<!:l^9) o 
5 iEtC^/i^. a3A-3EIC^-rJ:9t--9-7r^TSfel©(0001)C ®±{Cg^ 

^1.2 : |feigMA^#^S®S i O2 . S i 3 N, (S i N, ) . S i O2 : 
10 Pe Os (PSG) . S iON&OTa2 Os T'ti. «&iitm-h{cJgfiJt$ny::^<b 

SPt-ESHftt-Sieffi ( 1 0 • ~ 1 0 " c m-'OlBiB) TSSXR&A^IBiLfco 

(1 0* -1 0' cm-O C<i:*<4yJB>«L/::o 
25 1 0 ' - 1 0' ' cm-'CD|BlB®^S©XRI5*^I.^tl/Co tOs. C©^^«Col^T 
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10 S^'fkLTJg^^n^^SSS i O2 Igl 0 1 ^fflli\ ^©S i O2 IK{C±]^®a 

'$t»lc#S®S i Oa IgOfi^^fiKSa^l 0 3 O'Clcft^. Tly^^r^m^ 
15 -e h »; >>' f-yP^U A (TMG) ©^X^#t*&^5i> ±i^0|»i^S^t'C.WcA 

fea4'jcatB$nfc^P(5cD!gStt±i^o«^ttfifes<z><e ( i o * - 1 o * 

4 A- 4 E »c:^^tx;l/<h LTft?f? L^o 4 A 
~4E©*x;l/-ettx Gallic (in JJlTcJd) ^fi*.. Nig? (VatTcJ!!) 

(atomic nigration) ti'^'j > ^) XDM^m^^^^X'ry 7.^(07.7- y-f^l^ 
Rfc-^SS i lS?©^»{r*ii^So *S®©ifeiitlg±JCG aHqP^- 

Siig*!: LTH^Lfc (04 A) c(Dimx7 >^~7^mmm-tt. 
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m^tt. G a : N= 1 : 1 4*-5^h^«Jt®'<T«-lit\ Sii-^it^mjgiti 
(1114 B) o 

Ga»t«JC^*'5Nlig^tt^b^«a®^^tt«-ilfi«>^/^«>{-SWScaiiJ65|>S 

MG^^i|s&-rS <i:lfeiitlg±{c#4-r'5 G ali^lfet NIf.^i»<i:©lt*<±i^©^b^ 
10 aifeJtJCiaoXo mL. GaJl^t>NIg^fel&ttlg±{wfc<'^Ti^l^iiST'»itlHl 
5©-ex cnt»3&<tB5JC»^-r'5lt^tt»^±{-@^$tiy::G a N©ifeS{c« 

*>t>flti»&$n5NmTOC;G al®^O^TttllHfl«H-G a N<Dl^B<D^izm¥ 
(S4D) o -t©iK*. GaNj»*£a®^T©<gSffi<-*><'^Tie^^*<ii 

15 nu GaN$^i^mu^nmt<DmK^i^t>'^':>m±i\:i-6 04 e) o £(±© 

<lliH^T§S©-e*'5o 



wo 97/11518 1 0 PCT/JP96rt)26d3 

tLx^tu\.^cti)<m^^L\.^o tti. ±j^<Dmnimim^wmt>B, ai. 

Ga. In. TltiilU 1^1^(0'pt£<,thim.tN, P. As. Sb. Bi 

<f5va57cffe©'>^i:< tt> i«*^b»«ififesn5^if III -vmit^^^mt^^ib 

mmiU -ymt^^mi^XiSr>*)3.'D:^^^. (hexagonal system) 
lfel§#«*i|WfL/to 
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©«S©*«rfflctfi-r-sife*^^©*t»*<!: LT^B^nn^s^ik^a^i*. IP^ 

III J^5c^( <i:Ot){t. Ga. Al. I n) (DO>'f^< lUtN mM) tzM 

20 *>«fi!csns7A^sife©tea«ii&*w-r'S**i^^teXRS^ST'ti#t-r^a«T<i: u 
2. ^(*sig--©ieffl 

25 TS!Ui$n'5^frSStw*><.^T. C©^xPil::5' + •>'■»'>'^^^^-£^^W^Cje 

Ht-s^(*^®©«igfl«ittPoia^±i^©«:«ri£i**J^t'^^i/-t'yi/ji!tgam 

ffl*^t)i*-SCtirJ:»3®Sr'^S«f/;:<£'5«l^t©^#i*SM«:*ieB^J-J:«5« 
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25 SXRB^Jt*< 1 0 " ~ 1 0 " c m-''T*So 
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;^/\f-a«|ji (BHUIjtCBuried Heterostructure)) ^©X h5>f 



wo 97/11518 



PCTAIP96/02663 



^mH-rsttJctt. S»R©(ll-20) A ®<::«ii[■e*S*^¥^T-^?*'5:^^|SH::^ 

^JCf^lS!^^C«i:*<T'§So tfz. ^^minc Blende ^^iiWife^Sfe^ 
, m^^^tzt^izii^ S«®;?fi[^ail) cB«i:Lr*><o c©S«±{;:xh7>f:^«l 
ii^f^M-rst^tctt. StS«©(110) ai(cSli[T?*<5d\ (l-10)ii{cSi[T?* 

25 ti)<X^?>o ttz. ^m^^^^WLOW-rfT^hv^ytLxm^L. 
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'^(omi(o±mc^^^A^tfsi^i^mm'S:itLx. v-xms> y-hmg. 

10 (HEMT :High Electron Mobility Transistor ) fc^ffl-^S tSS&llfi^'^^'So 

^mwiy—^f^'^^fi^'f^ ffe^ffe^^ (LED) . it&sm. itMm^m. m 
25 i^^#^*l*^^»n£S4^(*««^:J^fi)cL/;:t)©o c(Di^m{^mi$ii:mi&ti>^mi^ 
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HlAtt. tfl^^^Oll^fltiiOiaEirffi (aiB©A- 

' A' SfiB) *^-rB|-??*<5o 
15 H 1 B «0 1 A®^{*: l^-lf 5(l?Oi|&^M±ffi^^t-0T?*-So 

0=3 A- 3 E(i. *^l«<OfeSfifeSfi^lS 1 {CgiLTfeiififcg«:I^^^JWJC^-r 

BI4 A~4 E(i> *l&gQOS:$4S±(c^S#S{t«liiOl&im±T<DGaN|g 

20 SfiJtg^l^?^^Jft^{:i^-rEIT*'5o 

H 5 A~ 5 Dtt. 2 J^lK LTifeSj|!cS^ri^^^JWlC:^-r 

25 El 6 B tt^*(*^SCD-^{»J(D8f»r®Elt?* So 
BieCtt. ^NH^SSOffeCD^^iyoi^mglT'feSo 

07 B{4H7 A©f!l^4>{wm$nSi»igK^X^©±®0^T*So 
EI 7 C {i^?©ftb®if»l®«£»rffiEIT'*So 
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5 EI9 B«EI9 A0^^^4'{-?KfiSt^nSi^Mv;^^©±®Bi'^*So 

0 9 c «<feiitisvx ^ 0^<Dm(D±mmx'i>6o 

Bl 1 0 Bttx 0 1 0 A©5!l^t|'JCj^^$n*ilfe«Ig^x^'©±®BlT*5o 
Ell 1 AW. *|gB^©||Jfe0lJ5©^^{*^fl^©-fJ|©«E»fffiE|-e*So 
10 011 Bt±. 01 1 A©5!l^4'J-J^BJc$tl6lfeig)^vX^'©±S0-e*So 

0 1 2 At±. :^ftm<Dmm ? ©^i*Al^^©-f!I©«E»rffi0T*5o 
01 2B«. 01 2 A©*^4»t-J^SE$n5lfe«K-7X^^©±®0-e*5o 
01 3A«> *|g|«©IUte«fl|8©^|i#(*3fe#i^©-«»I©«»fii0T*So 

' 0 1 3 B«. 0 1 3 A©^?4il-J^fife$tl5|&J^^X^©±ffi0t?*5o 
15 01 3C«. |g^©te©^«I©«fWrffi0-e*So 

01 4Att. *|glW©fll(S|a|9©^{*5fe^?©-^©«E»fffi0T'*So 

01 4 Bttx |g?4»J-J^^$n5lfeigievX^'©±ffi0«r^to 

0 1 5 Ati. :$:fm(Dmim 1 O©i|£#(*:jtl^T©Hfll©«»f®0-^*So 

0 1 5 BW. 0 1 5 A©#^45{-}^fi£^n5lfei&ig^X^'©±iB0T*So 
20 01 SCti. f!^T©<fe©««l©l8tWrffi0T'*5o 

0 1 6 Att. :^fmomMm l l ©^i*5t*^©-«'!l©«»r®0T'*So 
01 6 B«. 01 6 A©5!l?4»JC}^^$*lSftigK^X^'©±ii0T'*5o 
01 6 C«. fK^©flfe©W©«Wfffi0T?*So 

01 7A(i. *l|Bfl©^^Il 2©^#{**^^©-i»l©iSE»fE0T'*So 
25 0 1 7 B«s 0 1 7 A©^^=^4'{CJ^Ii)c$*l§]feitlg-7X^©±B0-e*^o 
01 7C(i> *^©ftfe©f^©jKWfffi0^*t-o 

0 1 8 Att. *I6M©^<5IJ 1 4 ©iNftft^t3!J^©HW©«E»rffi0T*5o 

01 SBti. ^^4'{cB^$nSiteigll^vx^©±ffi0-e*So 
01 SCti. #^©f&©«fi|©«WrE0^^-ro 
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Bii miSMFFm^m (tem) iz^foms^^tifzmzDizmmi-^wm 

02O(i. MMMl'm^ (SEM) izXiOWtf^^tlf^ms Cizm^t^^M 

10 <ifeSfifcgSI&l> 

BI3E©:fpHrX7D-^#MLTrat- So ^ 1 ©XS<b LT^ mtf -y-? r 
'f TSKl ©(0001)M±tcS i O* K^J^Bfe-rSo c:©Xigtt. W;iti:ty iy 

(HF) iOLy^^i^y) iZ^6S iOj IgO-^ 

20 }^(Dm 3 ©Iig*>'fe>. H 3 A- 3 D^#Jia Lxmirio t-f. 2 ©IgT 

?ib>tifcB^^^4 o#s i 02 IS4 am. s i Oa m^x^ 4 tmo t<m 

tt. ««r©t>®*<4tM¥4 - 1 6 4 8 9 5-^ (5|ta#f^m5.334,277 ^) {CfEtt 
Snxii^S^^x *|gi!^#«IIE#©MOCVDi^li«'fiJfflL. li<^#X©ttm© 

(760Torr ) iCLX. Z.(OmzTy^-T (NH3 ) ii7.^m%l--^ U y hyP 
(2-5 SLM) . hV ^i-JUif^)^l< (TMG) 1 Dec (10 

s c cm) -ea«^W»cfi^«&L. j^rttc-ty h$nfc-t^7r^TS«^^^at 1 

0 3 oricjaiiL/ro 
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5 Oiim^^M (03 A) o ■€-©5^!K(iS«Lh{w*^A>t>Afta*<jtoJ;-9{c 
5 (SEM) X'^mt^t. mi^^«(Cc«i:^[Sl*<(f^ol,^Tl^5C<i:*<iieT'^ 

^JKJSfc-rS (BI3B) o c:©J:9{cB^$SPiCfiJtgLfcGaNfe^Hx 1^-7r-r 

15 ig» 4 0 ©igtlC?& 9 '^7^ n i h* + V/ -v 5 1 ©fiijffi^rff A:^£fi)cMI?^ffi <!: L T 

(03 C) o fiP^x S i O2 IS^X^^ 4±ffilcJ^B)t$n«GaN^a{4B^ 

S i K^X^ 4±{Cjgfi)t$n/iM«E^MWJ-'^*J^e^' + v/i'/l/® 5 2 t 
20 i^^<o 03 C0WfiS0*S i O2 Igvx^ 4±®fil3!>>^m^<!:x 'f-t J^frJ' + v/ 

■i-yi/^s 2 ©fifcsrat-tt*^ 1 2 0" ©iiK^w-raiawj^fife^nri^fc (S 

3D) o cntt'VxUif^+i/-»'/V«5 l*<;^fttt^^tCfiJtg-r6C<!:*iS*-r 
St©T% B^^TOSitd^bS iOz K^X^' 4±ffi'sxnih*^%'> + ;H»© 

25 ©fi)cS§8i&Nf^J©M tW. c t i f ^ + 1- ;i/^©fifegra©J^4^ 



wo 97/11518 2 0 PCT/JP96/02663 

{is i 02 Kvx^4©§8psg««-^f*<> m^mizt^m<ommzM.h>n^^ 

5 (D^m{ttEm<DfRi$k (H 3 DO'Vy^Pif^ + ^ + ZPa 51)T?10''-10" 
cm-\ (0 3 D®*tJ^f:^^'> + yl^5 2) -CI 0^ -1 0' 

^<*:U ^{*liU©^«^RS^St>it:A:l 0* ~1 0' c in-*M]gT'*o/io 

- (1) <h (2) »c^:/a-fex^t^-rSo Sl:^©ft^S<i: t>. ^^it^'+i/i' 
15 ;i/S|5 5 2 ©^fti^fijffl L/i t>©-e*Si6<. m^lii^y T ^ TX«A::i^S?^®fe^ 
«li&^W^SS«*t»4l±»c^«[©i^§«P^^oS i m iXl.iCtHzitt> 

T*^»f^^lT9^«^®fife-r -50 6 A ( 2 ) ©^^^-^ffl^S C Li^o 

B6 A© (1) (2) «si om^Lfzmz^m:^mzr^ i^y^ 

25 U-1f^^ti. vx^' 4±»fiJt$nyi^^€rxb''^ + i/ + ;l/gp (GaN^) {Cn 
m(0-^m>i^ V--fLtznm.^ "7 -J KSe ZinMOA 1 « .sGao. e5NM*^t> 
^iS^le^j&Se 3. T>K-y©I nGaN^««^#P®*-b>4'-5Sttl6 6. 
pM©A 1 0. isGao. 8 5N*^t»<i:S^1^^^^l[l . pM©GaN*^^^£ 

S ^ ^ -y KM 6 5 . pM^ 7 y KM 6 5 J: 0^l^«g©:f;>fei|a^#trpSG a N 



wo 97/11518 



PCT/JP96Aa663 



^-eUnMOG a N® 6 7 i)<m^^tlU\>^W^(OT^(Dm^i)<mM±(om=FWl 

tttx H6A© (1) at; (2) *^^>B3^>A^-e*6•9o <£*>\ 06A© (1) R 
(2 ) ©«iSftl&{C*5V^Ttt. #i*<Z)ttl^lCljO>) til^H(i»-SS 1 fl!j^^ f:/ 

10 ©-e*So 

<^S^fitl&2> 

15 iS«l 0 O^BE^^^HM^-^^ie^bLT. -^-CMJ-^SS© 

S i O. M 1 0 1 ^mm-^o ftl-l^ 1 OXgt LT. S i O2 lg±{CG a Nig 

H 5 A ( 1 ) Jc^-r J: 9 /i:»fiB«ii*W^'S^giP^fiJffl-r5o c®^«S i S 

25 :^'S-*5l7 6 OTorrJClft^L/c^. M^ML/;:S i S« 1 0 0<?r«S-r^o 
tc. S i SSi^Xttl^y X;l'©FBl{C2tfc©T/<-^lr • h^rlf A^So 

Cl©<h^. ±95:^1/- h©T^N*-^-»'«S iOa Ml 0 I ©feJ^fi)tfi[gtc^*3-dr. 

h >J>/^;l'*'';':?A (TMG) ii7.^±.M^'y'( yii^hl 0 s c c m-^il^fi^ 



wo 97/11518 2 2 PCT/JP96«26fi3 

{CTMG:^X^S i O2 Ml 0 1 ^Si^^^-So Ctlfcit). S i Oa HI 
5 $H2<DJLm-Cii. HtCTVt-T (NH3 ) :^X^TgPtt*&5-f >*^b2~5 

4A<S i O2 igl 0 l±{C}^fi!t^n5 (BI5 C) o 02 0(1. g| 5 C tcffi^-T -5 
10 ^aE«^a»^ (SEM) S i O2 {gl 0 l±\zm^^nfzGaN 

*±jf)^ i^as 4*wiiKsn^xi,^s i02 Ki 0 i^m^Ui^mzx.yi-yiri 
tiommm^ 7 0 ^1^-0 s i 1 0 0 ±(c^ y u •> y izm^-t^ cti}< 

•^^So COli.^. SKi!llHl?S7 0^«^-rS#mtt^{*®«:«S«aS5 5®,-F 

±ap»c&B^s pM«ft 1 0 tmmmmi o <!:©ra{c*'>x>f >^^7 1 ^j^^-r 

HF^<Di.y^+>hTS iOe lilO 1«-»»U >SS54iSiStttl 00 
t^^m-t^o cnc<kOx GaN*ifeS*^^,ni:5«f/::n£S«W*4*<l|31-^tSo 



wo 97/1 1518 



PCT/JP9MI2663 



5 S^UI^^P IcJEiSS^^? I^^^ft]^ 5 

(pseudomorphic device) ^fllfi)cLy=<!:§t>x fe?^II^S*AJ-^|i9«lXPiS 

^rias A (2) ^m^Lxmm-t^o Mt^^^m^s i m o i^j^b^l 

10 iSSl 0 0^-Jj<:>rjr>®S^^g (S IMS) {::ttgU Ga'f:t> 
*inii«ffil kV. X 1 0 'M on s/cm' -^S i O2 K^ffiJdjiait 

Lfco C C-^?iJffl L/i S I MS tt. static SIMS <i:«flifns 

©-e. a»*^ffio^ll^^e-^(RM®tt«JJ-ffl»'^^tiSI>0-e*So COS I 
' MS«mM^Sl 0-^~l 0 "mA/cm' (D^-t^^^. S — S k eV©i^ 

15 yi'^--^5m{-M-rs*<. gij©M©s I us\z\tnm.^m. i ~ i o o mh/ 

cm* ©'r:r>^5~3 0 k e VOJ^^^I/^-'^MItt'S t>©t>*So 
S i O2 MM'^«>Ga-^'>^>Jll^li. >r:4->t'-A©ieS*<S i O2 IS^ffi 

20 {CT 1 0 0 ktti^i^oK>(ityitmkxigL^^^. mm^ii\m i #t l/=o 

t'-AiS-MlplLT}foyto C©cfc9JcLTS i02 ISMlcG aIg^*^b^j:S6E 
5 3«-J^r!cL/;:». S iS«l 0 O^-S I MS*^b»^>)aiU ±i^©i/+'7- • 

S«^-> + '7-"v-y hWiKBL/::^. h U / f-^l/^ U A (TMG) 
±SP#t*&^^>*-b> 1 0 s c cm-e. TV^-T (NH3 ) ^X^TSUttl&^'f 
>*M^2'-5 SLMT-^'^^^J&U IrII^ICS iSSl 0 0 ^*>'P:/*>t>«5l 1 0 0 



wo 97/11518 



PCT/JP96/02663 



iiLHz^^ti^:i->\f-AX'm^m^-ti>:^iiiX*li.. static S IMS 

2. ^ftillt-voitffl 

tf^g«:*xyl/«i: LTUiWt-So 

:^ftm(oim^mm(o-mii&mi:m i hmm ibk^^ wm-^o miAiz 

15 *Jlr^T. f»lx.tdr(0001)C ffi^W^6-9-7T>fT (a-AUOs) 1 ±{C. 

GaN /< -y 7 r 1 2 , nMGaN it^M 3 tT'W^^SMffl^S^tcJ: O^h^bHIcS 
•rSo. -Profit. El 7 B L/:i> X h 7 ■:^±©^®««:il>tt < i t» 2 o^{:ffc 

20 fil®(ll-20)A®«!:2p^jfx:^r[fi|{::l9:^LT*><o SCJC. |fei^lgvX^/N'i5^->4 

WLMtLit^iz^ ^I^Ml'TAlGaN j^^lllgll.L:i&i6Ji<hGaN S^HIMlJita^ 
GaInN JEISM»^#Pa*^•;»n£SE«M^M«T#P^Stt® 6 . pSGaN 
25 S7. pMCaInN n^iJ'^ MS^Ii^JclftttSo efefc. 'J V 7 ^ -ic J: 0> 

mmz^ 7.h^>(zrtzmmt£:^mzmmtx^mm^v}^tiiL. x^^^-ryjc 



wo 97/11518 



PCT/JP96W2663 



J^^im^^lSa^ltemK^: 1 0 * - 1 0 * /cm' ®lBiB*N-€-nJ;*3 t>/h$ 

nnmmit(Dm^j^ •) *> 1 / 3 -1/4 i::*-efi«-e^ fco t*. it*® 

''5liS&g«4 1 0~4 3 0 nnKDiEffl-ZFfco/Co 
15 ^fe*IIJiSflI©^}^«»l^a7 C (BI7BOB-B' »fffi) J-J: OlftBJt-So ^ 

^3~7 /zm©|BBS<*:f So $ t>{C U -y i^X h^-f/OMffliJJ-SjiS I 2«rJ^fiJc 
1 l^J^fi)tt-SIg«±JE©<i:*>OT*Ox -t©*SlltLrBl7C{C^t^^« 
25 iK{C©;5-«8fe^aA-rS y -y i^X h 5 y^lig^W LTl>?>©T. w^^im^^ 
TU-1fi&fFL. ^a{CiJ{tSieJS&gti4 1 0'-4 3 0 nm©t6il'^*-9^o 

<iiaEiJ»j2> 



wo 97/1 1518 



PCT/JP9MI2663 



AJc^f Ig^WrlB (08 C©C-C* »r®) «-?iSo 

15 < i: fcWfiimijfe^ 2 / 3 *N t» 1 / 2 CDlSiBJClfijgt^S C t1)^m-^ir,^fZo 
^fi{C;fel,>TI6S&g4 1 0-4 3 0 n m® 15181? l/—«fi!rf^Lfco 
asCJCtt. *ll$6HJi|<DgEJ&«aj^WrffiBlTr^f (0 8 B.©C-C' Sfffi) o tfe 
^0flfMXStt«MaBl 8 h<Dmktn Ji 8 i^-m^Ltdk. S 7 C 

IH5ifcS4 10-4 3 0 nm©|ElBTl/-1faf^Lfco 

25 <llii«^3> 

H9A«a9B©D-D' »rffi) o ll^^©}^fifcttlUteff>J2{Cfct^508 Ctl^i; 
ISSSfe^T'ff9*<. jfelgkvX^4©'N-^-> OM^SU) 4 OW09B{C^f J; 



wo 97/1 1518 



PCT/JP9M)2663 



rieSj&g4 1 0^4 3 0 nmCDtm^eu— lfi&f^Ly::o 
in-Vfi^^(4:'e^<S^'fb^^{4^H (Nitride. Semiconductor materials ) 



wo 97/11518 2 8 PCT/JP96A)2663 

«^fe^>2/3*^b>l/2©laffl^cft«■^?^/;:o *lfe^t>x ^a<c^^i^Tllig&^ 

4 1 0 — 4 3 0 nmOtQBBTl/-1f»flPLfco 
5 <^fa|4> 

*^^Oftfellfl6faj^0 1 OAROTl OElZ^lommt^o ^^Of^^ti^ 

10 mimm^^r^^t?>o mi oAumi ob©e-e' »f®^^^o 

l^{»ll7!>£3 0^J:*}t>^tb:^nif^^ll^U llt6^2T'»b>n^M 
15 I615«g 4 1 0 ~ 4 3 0 n m©|g||-e U—^Wli^ LtZo 

<mmm5> 

mnzmmi:iit<. *^S«l±tc0!|>ltfGaN /<y7r«2. T:/K-y 
CaN Ji 1 3 . T > K~:/CaInN/AlCaN - D B R«iSBJRI*K 14 (D B R = 
20 Distributed Gragg Reflector ) . nUGaN itmSiMZ^i^^^-t^o $e>(C^ 

gii 1 B{c^-r«t9{c. ]Ey^nM^omMm^:^i^ tmmi'^^(D^mizt&if-c 

yCalnN/AlGaN - D B R4lliijiSSItii 1 S'^MmMt^o DBRmm^Rftim 
1 5(lDBR«|jgi%^ltlSl Atmm. mLOGsi InNmtAlGaNmt^ 

m^^ff^-nm^. D B RmmmKmrn l 4 t l S tr% Gain ns&l; 
A lGaNm(^'pf£< th~:^07t$^m^ (G a : I n^A 1 : Ga) 



wo 97/11518 



PCT/JP96AI2663 



D B R«ii!^RItJg 1 5 ©R|*^<&D B RfllitiiRMIg 1 4 (OitlX 0 fi< "T S 

Jil 5<i:Ji8&c;S7*iyf->^^I^LTy y 5^Xh5'f/«rJ^J5lcLyiSfcJls 
jil 2«:ai6i&*. lfe«K9«r}^^f -So ±i5P©DBR«JiKSiltlS 1 5«. 

Bll 1 AJw^-r^^WfiB«r»S (HI 1 B®F-F* »fffi) o 
15 icj:t>. (SSl®i.S{;:i*LB&m:^lSiicm$n 

Hui^oiutew 1 7!»iE 4 (Dimply— ^^^tmmmti*). ly—^it^mL i ± 

20 -^tt. DBR«|iaifR*rKt-J:-3T. SiSffi (D BRfllJglflSltM 1 5©±ffi) © 
RSt^^ 9 5^99 %J£l±®jiSl^fi{C$^tC|fi:^-l?^s 1 4 IC^ Lfc 

td^ (ffittiffliffijci/-if-eitJSffi«-wt-s) tJtK-rsi. Jit>Ba«iiiss«r'h 
^<x^fzo mmm 3 on^mit-^T. '>^j: < t ^mmmM^ 1 / 1 0 1 / 

25 4 3 0 n mOlEfflT U -1f Sftf^ L fZo 

<lliteiW6> 

SSl^A^a5^Wurt2ite«iit-C*»)S«ffi:«rfe*<(0001)C iBT'feS 
nM®J^^t^lfe( a-SiC) <»:LT> -e^it^nMGaN /< y 7 Te^l${:rT. -eo 



wo 97/11518 



PCT/JP9fi/»2663 



5 ^o^bo ip^x mitmopmnmii^ihmmimi^'mmLx. s«T®©n 

^*»A:o ^aJCfcl^TlBS«S4 10-4 3 0 nmOfgHTU— tf 

10 <llif6^7> 

*^H«©liaBf^^0 1 2A&OT1 2 B{:ict»? rat-So *IIJte0IJ«. HJfe^ 

' ai 2 AIC*5l^T. fa|;itf(0001)C r'l'TC a-AhO,) 

15 l&K 1 ±IC. GaN /< 7 7^ 2 . nMGaN ^&Ji 3 tX^Wk^mWlS^miZ 

^Ifttt fcilfeglg^X^' 4 (0^^:m^nta- AUO, 1 ©(ll-20)AffiitMtt 

20 W'i^f£-'-D<o±m^mtt£itX'mm^M:^wi^^-^. ^omz^\^mi\.'^x 

AlGaN ^ilP!HL:iiiJ6®<i:GaN M^^PtM^RO^CalnN *^#Pl*^^,^j:^.JEieM 
25 tOtiiU X^^-f-ZlCctfJ^^^^^aiLTgll 2 AtC^^^^MWfffi (HI 2B 

oG-G' mm) ^m^o 

x^^^is*«< LT^7feStt^^i-3 um<Dmmt-nctizxfommmmL 



wo 97/11518 



PCT/JP96/02663 



Lytf(l^a:f}t)fiHte7fl/— tflfelBL. ^JC*>t^SI61gj&g4 10-430 

10 :^mMO^(DmMM^M 1 3 1 3 BKX^Umt?>o MT-O^mitM 

oralis) 4 0«-9iJtcJ:oTEgftJ^«:i:t^an.^l-i9:ttT*>< iC^^WiiSo 

^^3. :m^(om^n^^ 1 3 c»c<k *)wmt^o c©^-e«x i&nig-^x^ 



wo 97/11518 



PCT/JP96/W2M3 



Bll 3Att01 SBXtiBIl 3C©H-H' mm^^to 
^ 8 izmC6i)<. SI 1 4 B fc^-Ti: 9 Ifei^M-rX 4 CDM48g©3HJ^S^M 

«btt. :^<IIJte^J3<!:P«l©yoHrX*«ITx Bll 4 Alc^t-|g^»fiB (Hi 
4B®J-J' »fffi) ^»5o 
' :*^l*fe«-e«. H 1 3 C tc^ ^Igffl L Ai^iJII 8 CDjdT J: *) 

a 1 3 C {c;^ L/::lfeigag-r ^ Ltzmmm 8 Olg^ J: 0 ii>nc < <!: 
2 / 3 t» 1 / 2 ©tSiUci£»f S C i *<oril|-e* o izo 
<ll*te« 1 0 > 

20 *ieBj©flbiiasw«'0 1 5 AROT 1 5 Bizx^oimt^o M^omixma 
mmm9izmi:^i)<. ai sBtc^^ai^fc. i&itm^x^ 4©Mjjg©^j^a#i 

m^*^tr^f£^ft£\.^^•^^zu mi^X'im^ommmiz^Ltzitmiiim 5 

^\:ti\.^XolzimmxiJ^<-LfZo HI 5A{i. 01 5BOK-K' Wrffi^^ 



wo 97/11518 



PCT/JF96/QZ663 



10 ^M:-^^ (Ml 5 BJc:fc{tS±T:5"lSi) Ly;:ifea®A<^< 

15 015 C©#^-ett. ^i*^ 3 oO^J^flffifc-r S<@>!r ©M«©#&%fi|igttx 

icfco. 01 5A©#^ic«me»n^i:v\ ji«s©»\, K»f^*<prti-e 

*o/::o HI 5 C©*^«7x-XK* Tl/-*fl|JdtU fi[fflSE^^#^ 

ji/^L/::S**- K»fp-^*o/;:o C©ife^. 01 5A©*^t^«lJC. ^faj 
20 9 lc*5(,^T#e»nyi«iii^dl:^<tt)ii>^£ <<!:*> 3 ^J!sl±©i^tfi:^^^tfe<i: \.fzo 

$< LT) . *ig3gg^rifill-ilit<S;!r|Bll-t>fi*©SM5J!>M7^|&gyg9T' 

25 ^ So 

<^!tefa|ii> 

SS) ©±g5Jc:^S'S©lfe!gt®«:^»ai5S:t:^^mSSUcSo'< t> 
©-e*So i.^-rn©ilfeiM{::t5egaiSP^s5»:^x j^l©g:t!j^/ct:^±^©m<b 



wo 97/11518 3 4 PCT/JP96AIZ663 

i.^Trat-s*<. jfe«ii©aa. i!n^ai«?^©«ioiguiHiH[tt2iteu:-efcj: 
0^-10* /cm^ mmtt^t. 2Wc.^(Dmmm-77.i7 

V. -^^titrJ^ + Sz + yW^g^tlSifeSJitOfeMSttl 0» 5-1 0* /cm' © 

w^mm^wm<o\\\-vimm¥f:i^% (m?i\i. caAs. inP) 

20 SS^Icf^Sa Lfc^^ jfe^fi^M«{-m C> tlSli&^a^c!: lira So 
5fe-f. i^-^r-rrC a-AlzOa) 1 © (0001)Cffi±(C, 01 6 BtC^ 



wo 97/11518 
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fSo Hmm^:^^ AOT.h'y-Cfit. i*-7r>fTS«lO(ll-20)AffiiC5|i|f|- 
S<fc-9tCj^^$n5o GaN /<«5^7t®2 2. nMGaN j¥^M2 3 

5 ®2 3tt2*CDXh^>f:^:btMPg|i (gg§§SP) 4 0{Cife^fi)c^U ^^ffci^^ilfe 

m*2i)<m^^tir\.^io cosM§aJ4 2©xh^'<'y{i. tmm^y^i^Ao 

' 4 UwJ:»)m^|ig<?)S«^fi5£S^-lT^C<i:l::J:»9. nMGaN 5tS^5. AlGaN 
15 jt^i-SiPB i;)iJ6® iGaN fi^=^($MS5LO*GaInN EEJSSS^^F^ b ^i: ^2*6^ 
^mM=f-^Pm^ 6 , p SGaN 3^jfe® 7 . p SGalnN 3 > ^ 8 
Iftt^ So JJcJw. U V 7 ^ JC J: »3 Ife^ 9 ^Iftlt T. p m& 1 0 t nHMmS 

m^m^m^tiiL. x^5>r7'{cJ;i9#T*^lllL-CBIl 6 Al:::T^-r^^»rffi 
20 (HI 6B©L-L' Sfffi) ^m-So mt>. CCD^ft^STOIfe^^X^' 4 1 
»Cj^fife$nyraM^«4 2©X h^^7':*r|S|{-U— 9'^t^l6S-^S*jBS«lii«: 

(GaNJi) 2 3 ®JS^XP(5^S*< 1 0^ ~1 0 = /cm* 0U^;VXir>r> 



wo 97/11518 3 6 PCT/JP96/02663 

m.m-7 X 4 1 ±r'^^^x. f ^ ^ i/ ;l/fiJtS $ ii-/::M{b«!l^{*l 5 ~ 8 ©fe^ 

4g mm^^A 2©-^) ©ll|fii5ICJ:«5j^5B[l5©<i**iJffl|-rSC<i:*<7?§. 
cntc J: O ^t^iBUi 6 ©±ic|9:tt 6 ©S* 5 fi m&.±iz^ Lxm 

nmmmit^mm-^ ct^. t fzmitmms e ©li^ i - 3 ^ m<DmmK^ 

10 £ LTnajf^^T'^jfe-r s B H X h 7 ^ rmit<om^mmwimmit^m05L-t6 

t)t>l/3 ~l/4 {ct-^fiiTtf^fco (jE*©'<-'l/^'fifeS{wJ:»)j^fijtLfc 
15 On m(D^MX'^ o 

:^^mm(Dmmm=^m i e cjcj: oi^Bj-rso f^^^ofPMWs ±M(om i e a 

Xh5^y©K»«Stt2-9//m©i6IBtc»:^tSo $t>lc. <fe«R*fi]fflLT 

20 U -y v^x h 5 ^ ^©MffllltcSiAl 1 2 ^J^fiJtt-So 1 2 tt. S^^gtCck 

igliTX^4. 4 l©tt^ttBll 6 A©3IT<]:I^I:T'*0. aiill 2WBga^ 
«4 2©.Xh5>fy<!:i&¥ff{Cji#LA:X h5>f:f<!:LTJgli!c3?n5o ^ifc. gi 
1 6 CtiEll 6 B©L-L' Wrffi^^t-o 

25 EI 1 6 C©^?-e{i^ |g)feS§tt^6SI:^|SllC;foV^T^ U «y v^X h5-f T^^JC© 

©PeWefeMPB^nsy::*. f65festts 6 ©ma©««»c+-»' »; r^sft^j: < ^ 

ATr^. fS«$^±{/«^>nSo ^1 6 A©#^©BHXh5-f y«l 



wo 97/11518 
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4 10 — 4 3 0 nm©ISBi"Z?*o/io 
<IIJte«»|l 2> 

*l£§B©flfellfi50>I^a 1 7 ARtfgl 1 7 BJ;:J:»)lttB>^-rSo 1 1 <bl^» 
5 izm=f-^i^m-ii)K nMG a 2 3 txmtz^. M 1 7 A {C^j^-Ti^li v 

i)^h>t£^mm^U^ 2®iapgtt. lfegK^x^'4 1 ©**J=:&St-5g|P^ («I 

trnf^or/vi-bxizx*). mi 7Aic^-r^?«wfffi (eii 7 b©m-m' m 

15 CtlJCfcO. <i:f5<£a^-r'l/-1f^^:#»-eiS<t -9(1/^:0. ^!fe«»|l 
tt> ^»C*>1 ^TlgSlRS 4 I 0 ^ 4 3 0 n m©l5ffl-e ly—fmf^LfZo 

:^mMm(DMMw^mi 1 cKXt)m'f^o c(Dm=Fit. hi ^c<om^t 

mi 7 A®^^^^^L/::fc©T*>So fiP^. *^ite*aHcT p MGaN ^S&^7 

7 'f :/i»©iiffi9icmji 1 2 c (hr-Bi 1 7 c K^^immm^'^^-t 

m 1 7 C©S^t?«. pMGaN 7 ©^^ifctC&g^S U i^X h ^ ^ 

25 C ntc J: 0 . $ b U -if 5fe^#&T $S^otc/j:«9.g|16C {c.^-T 
tg^ J: 0 '>'i: < <*: MfiimiiiE«-2/3 h> 1/2 ©IbII S C i: ;&<ort|-t?* o 
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